ABSTRACT OBJECTIVES: Extreme heat is known to increase heat-related health outcomes (HRHO). Incidence and predictors of HRHO were examined among older adults living in Quebec (Canada).
Quebecers presenting simultaneously with at least two medical, social or environmental conditions previously identified as HRHO predictors. 11 To effectively prevent HRHO, it is important to identify key predictors. A meta-analysis of six case-control studies carried out in American and European general populations showed that confinement to bed, inability to care for oneself, not leaving home daily, psychotropic medications, as well as cardiovascular, mental and pulmonary illnesses increased risk of heat-related death, whereas frequent social contact, air conditioning (AC) at home and visiting air-conditioned places decreased the risk. 12 Two case-control studies conducted during the 2003 European heat wave among older adults found that: in Italy, 13 receiving home public assistance, high co-morbidity and dependency in ≥1 activity of daily living (ADL) were associated with heat-related deaths; in France, significant risk factors included cardiovascular disease, hypertension, psychiatric and neurologic diseases, confinement to bed or armchair, loss of autonomy and living alone. 14 Predictors of heat-related morbidity have been less studied and could differ from those related to mortality. A better knowledge of them is critical for successful development and implementation of prevention strategies. Indeed, heat-related morbidity is presumably far more frequent than heat-related death and can have a significant impact on older adults' overall health and well-being. In a general population in the United States (summers 2001-2010), low-income neighbourhood, lack of health insurance, neurological disorders and psychoses increased the risk of heat-related hospitalization. 15 In the general population of India (summer 2011), having chronic, diarrheal or infectious pre-existing conditions and not seeking heat-related health information before a heat wave increased the risk of self-reported HRI. 16 Finally, heat-related morbidity during the 2003 heat wave in
France was associated with several risk factors, including stopping usual activities during a heat wave, and having diabetes, respiratory, neurological or cardiovascular diseases, whereas house ventilation was a protective factor among older adults. 17 To date, most studies on heat vulnerability have been crosssectional or case-control and conducted during a specific heat wave. There is a need to examine predictors of HRHO using a cohort design which has stronger potential to increase internal validity and clarify the relationships. Moreover, a simultaneous assessment of medical, social and environmental predictors is essential to adequately examine their independent contribution to heat vulnerability. Furthermore, predictors of HRHO in older adults have not been thoroughly studied, restricting the capacity for stakeholders to develop and implement tailored preventive strategies among this vulnerable population.
The aims of this prospective cohort study were to 1) describe the incidence of HRHO, including EDP, hospitalizations and deaths over a five-year period and 2) assess their medical, social and environmental predictors among older adults living in Southern Quebec.
METHODS

Setting
This study was conducted in three health regions located in Southern Quebec, namely Montreal, Laval and the Eastern Townships. They encompass respectively the first, the third and the sixth most populous cities in the province of Quebec. In 2013, older adults represented between 16% and 19% of the population, depending on the region.
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Participants and study design
The Quebec longitudinal study on nutrition as a determinant of successful aging (NuAge study) is a four-year study of communitydwelling older adults living in one of the three health regions mentioned above. 19 A random sample stratified for age (68-72, 73-77, 78-82 years) and sex was obtained from the Régie de l'assurance maladie du Québec (RAMQ) medico-administrative database and used to identify potential participants. Participation rate was 58.6%. The final NuAge cohort was composed of 853 men and 940 women generally in good health at recruitment, without cognitive impairment, free of disabilities in ADL, and able to walk one block or climb a one-floor flight of stairs without rest. They did not report heart failure, chronic obstructive pulmonary disease requiring oxygen therapy or oral steroids, inflammatory digestive diseases, or cancer treated by radiation therapy, chemotherapy or surgery in the past five years. This study combined data from the NuAge study and the RAMQ, as well as geospatial data from the Institut national de santé publique du Québec (INSPQ). Individual-level factors were measured at the first NuAge follow-up (2005) (2006) , n = 1,679; 6% lost to follow-up). Data were self-reported during in-person interviews with trained nurses or dietitians at the Institut Universitaire de Gériatrie de Montréal (IUGM) and Sherbrooke (IUGS) using validated questionnaires. 19 Merged individual-level and geospatial data were linked with the RAMQ medicoadministrative data on EDP, hospitalizations and deaths over five summer seasons (2006) (2007) (2008) (2009) (2010) , using health insurance number (HIN) as a unique identifier. Because of missing data with respect to HIN, 446 participants were excluded (27%), resulting in a final study sample of 1,233 participants.
Variables
Independent Variables
An older adult heat vulnerability conceptual model has been developed and was described in detail elsewhere ( Figure 1 
Mental Health and Cognitive Disorders
The 30-item Geriatric Depression Scale (GDS) 21 and the Modified
Mini-Mental State examination (3MS) 22 were used to assess the
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presence of depressive symptoms (GDS ≥11) and cognitive impairment (3MS <80) respectively.
Loss of Autonomy
Disability, defined as needing help in ≥1 ADL, was assessed using the Functional Autonomy Measurement System (SMAF). 23 Being bedridden during the daytime was measured during the six-month follow-up phone calls.
Central Nervous System and Cardiovascular Medication Use
Medication use was classified according to the American Hospital Formulary Service.
Social Isolation
Not knowing anyone sufficiently to visit them, and not leaving home were measured with the OARS Multidimensional Functional Assessment Questionnaire (social dimension). 20 
Low SES
Low household income was defined as a household income of less than $20,000. Material deprivation was calculated at the dissemination area level using the Pampalon deprivation index. 24 Participants in the fifth quintile were considered as living in materially deprived neighbourhoods.
Environmental Factors
Using participants' personal address transformed into unique latitude and longitude, a geomatic specialist determined whether this location was in an urban heat island (UHI), a coolness island or neither according to analysis of land surface temperature from Landsat satellite images. Analysis of these images allowed identification of areas covered by the warmest temperatures spectrum (heat islands) and those covered by the spectrum of the coldest temperatures (coolness islands) in inhabited areas. 25 
Protective Factors
Social participation was measured using a 10-item questionnaire scored on a 5-point scale from 1 (almost every day) to 5 (never).
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A score ≤30 reflected several activities at least once a week to almost daily, indicating high social participation. Visiting places with air conditioning (AC) was defined as visiting at least one air-conditioned place almost every day.
Older Adults Heat Vulnerability Index (OAHVI)
The OAHVI was developed to assess the cumulative risk of HRHO. A score ranging from 0 to 9 was calculated from the sum of categories of factors previously shown (1 point/category). Higher values reflect increased heat vulnerability.
Dependent Variables: HRHO
Hot temperature days (HTD) were defined as days with a maximal temperature ≥30°C, as mortality increases at this threshold in Canadian communities. 27 HRHO were defined as all-cause EDP, hospitalization (excluding day surgery) or death occurring during a HTD between May 15 and September 15 of years 2006 through 2010. Day surgeries were excluded because, in Quebec, they are generally planned in advance and are thus very unlikely to be related to or caused by heat. Given the small number of heat-related hospitalizations (n = 26) and deaths (n = 2) during the five summers investigated, separate analyses for these outcomes could not be performed. Two outcomes were examined in this study: heat-related 1) EDP and 2) health events (EDP, hospitalization or death).
Data analyses
All-cause EDP, hospitalization and death rates during hot and normal summer days were computed separately by dividing the occurrence of ≥1 health event per person during the five summers investigated by the number of person-days at risk during this period. Two sets of bivariate and multivariate logistic regression analyses were performed to identify predictors of both outcomes. Final multivariate models retain all independent and significant predictors (p < 0.05). Data were weighted for sex, age and region and analyses were performed with SAS 9.2 statistical software.
Ethics
The NuAge study was approved by the IUGM and IUGS ethics committees. All participants signed an informed consent form including an authorization to include their data in the NuAge database for investigative work by NuAge investigators and collaborators. This secondary study was approved by the IUGS, the Commission d'Accès à l'Information du Québec and the RAMQ. This study conformed to the principles embodied in the Declaration of Helsinki.
RESULTS
The 1,233 study participants were similar to older adults excluded from this study because of missing HIN (n = 446) with respect to sex, age, education and income. However, as compared to study participants, those excluded were less likely (p < 0.05) to suffer from cardiovascular disease, take anti-Alzheimer's agents, not know anyone sufficiently to visit them, not leave home, or live in a UHI, and were more likely to live in a coolness island.
Out of 620 summer days observed between 2006 and 2010, 45 (7.3%) and 34 (5.5%) were HTD in Montreal/Laval and the Eastern Townships respectively. During this period, 77 (15.1%) EDP, 26 (10.3%) hospitalizations and 2 (8.3%) deaths occurred during HTD. EDP and hospitalizations among older adults were 2.6 (95% CI: 2.0-3.5) and 1.7 (95% CI: 1.1-2.6) times more frequent on HTD than on normal summer days respectively (Table 1) . No statistical differences were observed between hot and normal summer days with respect to mortality rates.
Results of bivariate logistic regression analyses are shown in Table 2 . Some medical factors, namely cardiovascular disease, diuretic medication use and limitations in ADL, increased the risk of heat-related EDP or health events (p < 0.05). Surprisingly, renal disease and antiepileptic medication use were found to be negatively associated with both outcomes. However, because of their very low prevalence in our sample (2%-3%) and the lack of biological plausibility to support their counterintuitive association, these factors were not included in multivariate analyses. Low household income was the only social factor related to both outcomes. Living in a UHI was associated with more heat-related health events but not with EDP. Finally, high social participation was a strong protective factor for both outcomes. Final independent and significant predictors of HRHO were the same for both outcomes (Table 3 ). Disability and low household income were independent risk factors while high social participation was a strong independent protective factor of heat-related EDP and health events.
Associations between the OAHVI, treated as a categorical (0-1, 2-3, 4-5, 6-9) or a continuous (ranging from 0 to 9) variable, and both outcomes are presented in Table 4 . Older adults presenting at least six factors out of nine (representing 10% of the sample) were 7-8 times more likely to have a heat-related EDP and health events as compared to participants having none or only one factor. Furthermore, for each additional risk factor or absence of protective factor, the likelihood of HRHO over five years increased by approximately 40%.
DISCUSSION
Incidence of heat-related EDP (158 per 100,000 person-days) among this generally healthy cohort of older adults living in Southern Quebec was similar to all-ages rates previously reported in Quebec (115 to 390 per 100,000 person-days). [3] [4] [5] 7 However, these provincial rates varied greatly from one year to another and were measured only in health regions that experienced heat waves, which may imply higher burden than single HTD. Defined as maximal/minimal temperature of ≥31°C/≥18°C (threshold for Eastern Townships) and ≥33°C/≥20°C (threshold for Montréal/ Laval) for at least three days, 7 only one heat wave occurred in Montreal/Laval and two in the Eastern Townships during the five summers investigated. Daily temperature might better capture effects of heat, being more sensitive than heat waves. Also, given the general good health and autonomy of the NuAge participants at baseline, the true incidence among the whole older adult population could be higher than what was observed in our study when accounting for those with poorer health and greater loss of autonomy and frailty. A wide range of medical, social and environmental factors were simultaneously examined in this study. In multivariate analyses, Table 1 .
Rates of emergency department presentations, hospitalizations and deaths (all-cause) during hot temperature days (Tmax ≥30°C) and normal summer days (Tmax <30°C) Note: ID = incidence density; CI = confidence interval; HTD = hot temperature days; NSD = normal summer days. Note: HREDP = heat-related emergency department presentation; HRHE = heat-related health events; OR = odds ratio; CI = confidence interval; CNS = central nervous system. * Factors for which there was no occurrence of both outcomes have been removed as well as those having a coefficient of variation >15. † Weighted data for sex, age and regions. ‡ p < 0.05. § p < 0.01. Note: HREDP = heat-related emergency department presentation; HRHE = heat-related health events; AOR = adjusted odds ratio; CI = confidence interval. * Weighted data for sex, age and regions. Factors are adjusted for factors presented in the table.
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PROTECTIVE FACTORS
high social participation was strongly associated with decreased risk of heat-related EDP and health events. This is consistent with previous studies where increased social contact has been associated with a decreased risk of heat-related mortality 12 whereas stopping usual activities during a heat wave has been associated with an increased risk of heat-related morbidity. 17 ADL limitation was an independent risk factor of both outcomes. Loss of autonomy in ADL has been previously associated with heatrelated mortality. 13 Although disability and social participation may be correlated, we observed that they made distinct contributions to HRHO. Needing help in ADL signals an inability to care for oneself, which could lead to difficulties in achieving appropriate actions in order to prevent HRHO. In contrast, high social participation may protect against extreme heat as it may increase awareness among friends/family that a person feels ill, and may provide opportunities to seek advice. 2 Promoting social participation among older adults could be an effective strategy to prevent HRHO. Age-friendly cities, an approach that supports the creation of active living communities and fosters community engagement, 28 could help reach out to isolated older people, who are highly vulnerable to heat owing to a poor health status or potentially unhealthy behaviours contributing to dehydration and impaired judgement. Low household income was associated with increased risk of both outcomes, which is consistent with results from a study conducted during the 1999 Chicago heat wave. 13 Low income is associated with financial barriers that restrict a person's ability to take actions to reduce his or her heat vulnerability (e.g., purchase of air conditioning).
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A major challenge when studying predictors of HRHO is determining the distinctive role of treatment versus underlying pathology being treated. In our study, a subanalysis showed that diuretic medication was associated with heat-related EDP, independently of cardiovascular disease, hypertension and edema (OR = 2.91, 95% CI: 1.23-6.92; data not shown). This suggests that simultaneous assessment of medication use and related diseases is needed to adequately assess potential causal factors. Further studies are needed to address this issue in Quebec.
Living in a UHI was positively associated with heat-related health events but this association did not remain significant when controlling for other factors in multivariate analysis. However, during the 2011 heat wave in the Eastern Townships, 51% of the deceased resided in a UHI, a statistically higher proportion than during the reference periods (31%). 29 Furthermore, in Montréal between the months of June and August in the period 1990-2003, the risk of death on warm summer days was greater in areas with high surface temperature (i.e., micro-UHI) as compared to areas with low surface temperature. 30 This supports the hypothesis that people living in UHI are at higher risk of HRHO.
A positive gradient was observed between our OAHVI and both HRHO. This "easy-to-measure" index could be used clinically to determine the heat vulnerability of an individual. These results suggest that accumulation of medical, social and environmental risk factors, as well as absence of protective factors increase heat vulnerability. Assessment of all dimensions of heat vulnerability, using a biopsychosocial approach, is essential to identify most-atrisk older adults and prevent heat-related issues.
Strengths
Based on a large sample of older Quebecers, this five-year study contributes to the current knowledge on predictors of HRHO. In contrast to earlier research, this study objectively measured HRHO. Moreover, selection of risk and protective factors was based on an older adult's heat vulnerability model adapted from recent Health Canada guidelines, which encompasses every dimension of heat vulnerability. Finally, we proposed an "easyto-measure" cumulative index based on this holistic conceptual model, which was found to be an important predictor of individuals' global risk of HRHO.
Limitations
Factors were not specifically measured during HTD. Over the fiveyear period of investigation, variations could have occurred with respect to health status and social contacts which could have been over-or underestimated. Another limitation is related to lack of information on AC at home; however, this was indirectly estimated by low SES as individuals with low income are less likely to have AC at home and to use it. In addition, visiting air-conditioned public places, a reasonable alternative to AC at home, was analyzed. Other factors identified in Health Canada guidelines were not available in our database, such as living on the top floor of a building or having a history of heat stroke/illness. Generalizability of our findings to other populations might be difficult since the study sample was composed of generally healthy community-dwelling older adults. Note: HREDP = heat-related emergency department presentation; HRHE = heat-related health events; OR = odds ratio; CI = confidence interval. * Weighted data for sex, age and region. † Cumulative number of risk factors, or absence of protective factors (range from 0 to 9). ‡ Mean ± SD.
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Finally, analyses of specific predictors of hospitalizations and deaths could not be performed.
RÉSUMÉ
OBJECTIFS : La chaleur extrême est connue pour augmenter la survenue d'événements morbides ou fatals liés à la chaleur. L'incidence et les facteurs prédisant la survenue d'événements morbides ou fatals liés à la chaleur ont été examinés chez les personnes âgées vivant au Québec (Canada).
MÉTHODES :
Cette étude prospective sur cinq ans a utilisé les données du premier temps de suivi de l'étude longitudinale NuAge, une cohorte de personnes âgées vivant dans la communauté dans trois régions sociosanitaires du Sud du Québec. Des facteurs médicaux, sociaux et environnementaux, identifiés dans les lignes directrices de Santé Canada 
